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Abstract. This research investigates the difference of seismic ductility reduction factors between 
flexure-type and shear-type multi-degree-freedom (MDOF) systems. Multi-mass column 
cantilever systems are employed to simulate flexure-type shear-wall structure, while multi-mass 
series spring connection systems are used to simulate shear-type frame structure. Four earthquake 
records in hard soil site are employed to conduct nonlinear dynamic time history analysis. The 
effects of storey displacement ductility and vibration period on the seismic ductility reduction 
factors for flexure-type structure are studied, and the ductility reduction factors between 
flexure-type and shear-type structures are compared. The results show that the ductility reduction 
factors for flexure-type structure are about 40 % larger than those for flexure-type structure. 
Meanwhile, storey displacement ductility and storey number are important factors on seismic 
ductility reduction factors. 
Keywords: ductility reduction factor, multi-degree-of-freedom systems, flexure-type structure, 
shear-type structure. 
1. Introduction 
The seismic ductility reduction factor, denoted as 𝑅, is not only an important indicator in 
strength-based seismic design, but also a key factor to determine the inelastic response spectra in 
performance-based seismic design theory. Seismic ductility reduction factors are defined as the 
ratios of the minimum bearing capacity for structures keeping perfect elastic mechanical behavior 
to those keeping given ductility. In respect to the development and application in international 
seismic design codes, Zhai conducted a comprehensive review on seismic ductility reduction 
factors [1-2]. Previous researches on seismic ductility reduction factors mainly focused on 
single-degree-of-freedom (SDOF) system, such as classic Newmark rule, Nessar and Miranda 
models [1-5]. In recent years, investigation aspects have been extended to MDOF systems. For 
instance, Miranda and Zhai studied those factors based on concrete frame structures, Santa-Ana 
based on steel frames, and Moghaddamand Zhou based on shear-type MDOF systems [6-8]. All 
of these researches have gained deep and new insights into the seismic ductility reduction factor 
[8-10]. 
However, the current studies on the seismic ductility reduction factor are mainly based on 
structure models predominated by shear-type deformation. Few researches report on this factor 
using flexure or flexure-shear-type models. It needs to be further studied regarding whether there 
are apparent effects on the seismic ductility reduction factor for different flexure-shear stiffness 
ratios. In order to deeply understand the differences between various models, multi-mass column 
cantilever systems and multi-mass series spring connection systems are employed to simulate 
flexure-type shear-wall structure and shear-type frame structure, respectively. The effects of 
flexure-shear ratio on the seismic response in terms of top displacement, story maximum 
displacement ductility demand and base shear are studied. In addition, the displacement ductility 
demand and the seismic ductility reduction factor are compared between flexure-type and 
shear-type MDOF systems. 
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2. Ground motion records and MDOF systems 
2.1. Ground motion records 
Four sets of earthquake record are selected and matched to moderate hard soil condition  
(360 < 𝑉𝑠 < 800 m/s, EC8) employing SeismoMatch software to eliminate the influence of sites 
[11, 12]. The details are presented in Table 1. The comparisons of the matched acceleration 
response spectra and the design response spectra are shown in Figure 1. The peak value of the 
response spectra ranges from 0.2 to 0.5 times period. 
Table 1. Ground motion records used in analysis 
Number 
Earthquake 
event 
Date Station 𝑃𝐺𝐴 / g Δ𝑡 / s Duration / s 
Q1 Kobe 1995.01 Nishi-Akashi NIS090 0.486 0.01 40 
Q2 
Imperial 
Valley 
1940.04 
El Centro Site Irrigation 
District N180 
0.319 0.02 30 
Q3 Loma Prieta 1989.10 Saratoga-Aloha Ave N360 0.504 0.02 40 
Q4 Northridge 1994.01 
Newhall-La County Fire 
Station N360 
0.589 0.02 30 
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Fig. 1. Comparison of design response spectra and measured response spectra 
2.2. MDOF systems 
It’s widely acknowledged that the flexure-shear stiffness eigenvalue 𝜆 has great influence on 
the mechanic and deformation behavior for structures subjected to lateral loads with even or 
inverse triangle distribution along height. 𝜆 equals to 0 and ∞ for pure shear-type frames and pure 
flexure-type walls, respectively. While the 𝜆 takes value between 0 and ∞, structure is defined as 
frame shear wall structure predominated by composite flexure-shear deformation. 
The design response spectrum is defined by the European specifications using the shear wave 
velocity to define different types of venues, where 360 < 𝑉𝑠 < 800 m/s (EC8), and this it is widely 
considered as a standard method all over the world. The reason of recording is to ensure the 
consistency of site conditions since different site conditions would lead to a greater variation of 
seismic response. Figure 1 illustrates the site of this study is similar to site conditions in such a 
comparison, and in the comparison under conditions other venues. 
The simplified column cantilever model, namely Sandwich beam, is widely used to model the 
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shear walls in analyzing the global seismic behavior of tall buildings [13]. Choprahas validated 
the effectiveness of this simplified model [14]. In this research, multi-mass column cantilever 
system is employed to simulate the shear walls predominated by parabolic curve flexure 
deformation under static lateral loads with even distribution along height. The hysteretic curve of 
this system is based on the modified Clough hysteretic model. The stiffness degradation factor is 
set to be 0.001, and the shear deformation of the column is not considered. In comparison, a 
MDOF shear-type spring model is used to simulate the shear-type frame structures, also employing 
the modified Clough hysteretic model. The 𝑃 − Δ effects of all the systems are not considered, 
and the first and second damping ratio of the structures is assigned to be 0.05. In this study, 
systems are modeled by structural static/dynamic analysis program CANNY2010 to conduct 
dynamic time history analysis, as shown in Figure 2 [15, 16]. 
3. The influence of flexure-shear stiffness ratio  
For simplification, 8-storey models are designed as shown in Figure 2, where the storey height 
and the mass of each floor are equal in height. Simple harmonic sinusoidal excitations are inputted 
as presented in Figure 3 to conduct nonlinear dynamic time history analysis. The seismic 
responses in terms of vibration mode, top displacement and storey displacement ductility have 
been compared. 
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(a) Lateral distribution model 
 
(b) MDOF column system 
 
(c) MDOF shear-type system 
Fig. 2. Deformation mode for systems and multi-mass model 
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Fig. 3. Sample harmonic sinusoidal excitation 
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3.1. Comparison results for different initial periods 
The story lateral strength and stiffness along height are firstly set to be the same both in the 
column cantilever flexure-type system and shear-type spring system. The 1st to 5th modal periods 
before and after loading are shown in Table 2, which shows that the modal periods differ greatly 
from each other between shear-type and flexure-type structure. The differences in mode periods 
are attributed to different story shear strength and different lateral deformation mechanism. The 
first vibration period is lager in flexure-type structure than that in shear-type structure. The modal 
period before and after loading in shear-type structure is smaller than that in flexure-type structure. 
Table 2. Comparison of mode periods 
Mode 
Shear-type structure Flexure-type structure 
Before loading After loading Before loading After loading 
1 0.7975 1.0850 1.0316 1.3514 
2 0.2546 0.2911 0.3478 0.3849 
3 0.1519 0.1870 0.2135 0.2356 
4 0.1137 0.1382 0.1579 0.1840 
5 0.0929 0.1126 0.1288 0.1575 
The top displacement demand (TDD) of two different systems with different modal periods, 
as presented in Table 2, is compared in Figure 4. It is demonstrated that the TDD in flexure-type 
structure is larger than that in shear-type structure due to different periods and deformation 
mechanism. In contrast, it is observed from Figure 5 that the maximum story displacement 
ductility demand (MSDDD) in shear-type structure is greatly larger than that in flexure-type 
structure. It can be explained that the flexure-type structure deforms lager in upper stories while 
the shear-type structure deforms lager in lower stories when subjected to external excitations. Thus, 
two different systems show the contrast variation trends in the displacement and ductility demand. 
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Fig. 4. Comparison of top displacement of two 
structural systems with different periods 
Fig. 5. Comparison of maximum inter-story 
displacement ductility  
3.2. Comparison results for same initial periods 
The flexure-type systems and shear-type systems with a same initial period of 0.7 seconds are 
also studied by changing the stiffness of the corresponding system described in section 2.1. In 
other word, the lateral story stiffness in these two systems is different while their initial periods 
and the lateral story strength are kept the same with each other. 
The TDD and MSDDD of two different systems with same period are shown in Figure 6 and 
Figure 7, respectively. Figure 6 indicates that the TDD of flexure-type structure is still larger than 
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that of shear-type structure, in which there is a same variation trend with Figure 4. In addition, the 
TDD of both systems becomes smaller due to relatively small initial vibration periods. As shown 
in Figure 7, the MSDDD of flexure-type structure increases in comparison to that in Figure 5. This 
increment reduces the difference in MSDDD between the two systems. However, Figures 7 and 5 
indicate the same trend that the MSDDD of flexure-type structure is larger than that of shear-type 
structure. It also demonstrates that the shear-type structure shows a better displacement ductility 
behavior. 
In order to compare the maximum base shear demand of the two different systems, namely the 
seismic ductility reduction factors, the storey strength of these two systems are changed to be 
identical and the target ductility are set to be the same level. The following section will discuss 
these differences deeply by analyzing various parameters in terms of storey numbers, 
displacement ductility targets and initial periods. 
0 1 2 3 4
-500
-400
-300
-200
-100
0
100
200
300
400
500
shear-type structure
(T
1
=0.7034s)
flexure-type structure
(T
1
=0.7021s)
  
 
 time/s
to
p
 d
is
p
la
ce
m
en
t/
m
m
 
0 1 2 3 4
-6
-4
-2
0
2
4
6
shear-type structure
 (T
1
=0.7034s)
  
 
 time/s
di
sp
la
ce
m
en
t 
du
ct
il
it
y
flexure-type structure
(T
1
=0.7021s)
 
Fig. 6. Comparison of top displacement of two 
structural systems with same period 
Fig. 7. Comparison of maximum inter-story 
displacement ductility 
4. The seismic ductility reduction factor 
4.1. Analysis method 
For MDOF systems, the seismic ductility reduction factor is defined as: 
𝑅𝜇 =
𝑉(𝜇𝑖 = 1)
𝑉(𝜇𝑖 = 𝜇𝑖
𝑡)
 , (1) 
where 𝑅𝜇 is the seismic ductility reduction factor; 𝑉(𝜇𝑖 = 1) and 𝑉(𝜇𝑖 = 𝜇𝑖
𝑡) are the maximum 
base shear demand for MDOF systems under same earthquake intensity to keep complete elasticity 
and that to reach the ductility target of 𝜇𝑖
𝑡, respectively. 
For simplicity, a flowchart is presented in Figure 8 to better understand the method principle 
and steps. A total of 768 nonlinear time history analysis are conducted accounting for the 
following permutations: 4 systems for both flexure-type and shear-type structures with 5-, 10-, 
15- and 20-stories, respectively; 4 vibration periods ranging from 0.04 to 0.1 times the story 
number; 6 target ductility levels of 1, 2, 3, 4, 5, 6. It should be noted that the target ductility level 
in analysis is the maximum story displacement ductility factor rather than the target displacement 
ductility for global system. 
This flowchart not directing structural design process, but rather how to get the ductility 
demand for computational analysis of the reduction factor, in fact, are reflected in the paper. As 
for each seismic record, there are mainly three aspects to analysis. First, adjust the model structure 
of the lateral stiffness of two structures to ensure the fundamental vibration period of the same 
type; second, adjust the lateral strength of the model structure ensures two types of structure 
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ductility level of the basic the same; third, levels are calculated based on different ductility 
reduction factor and comparisons between the two types of structural models. 
 
Fig. 8. Flowchart for ductility reduction factors calculation 
4.2. Influence factor analysis 
The averaged values of the ductility reduction factor 𝑅 are shown in Table 3 (see Appendix 1). 
As can be seen from Figure 9, the 𝑅 for flexure-type structure increases with the increment of 
target displacement ductility, which has the same trend with SDOF systems and shear-type 
structures. With the increment of the basic vibration period, there is no regular variation trend in 
𝑅. The 𝑅 shows a decline trends with increasing story numbers (also means increasing vibration 
periods to some extent). However, for an identical vibration period, the 𝑅 is generally observed to 
be small for both shear-type and flexure-type structure with higher height or more stories, 
especially for higher ductility level cases. It indicates that the story number has great influence on 
the ductility reduction factors, as shown in Figure 10. 
4.3. Comparisons between two structural systems 
For an identical story number, ductility level or basic vibration period, the 𝑅  for the 
flexure-type structure is observed to be larger than that for the shear-type structure. As shown in 
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Table 3, the 𝑅 for the flexure-type structure is about 10 % larger than the 𝑅 for the shear-type 
structure under the conditions of a ductility level ranging from 2 to 6 and different basic vibration 
periods. There is no regular trend in 𝑅 ratio of shear-type system to flexure-type system with the 
increment of ductility and vibration period. The mean results of 𝑅 ratio are 1.387, 1.458, 1.372, 
and 1.392 for 5-, 10-, 15-, and 20-story structures, respectively. The total mean value of 𝑅 ratio 
for the above four structures is 1.402. 
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Fig. 9. Effect of ductility factors on ductility reduction factors 
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Fig. 10. Effect of storey number on ductility reduction factors 
According to several international seismic design codes, the seismic ductility reduction factor 
𝑅  (namely the response modification factor or behavior factor) of the shear wall structure is 
generally smaller than those of the frame structures. For instance, EC8 defined the behavior factor 
for high-ductility concrete frame structure as 4.5, while the behavior factor for high-ductility 
concrete shear wall structure is 4.0. It seems that the results of this study are contradicted with 
these definitions. However, through profound analysis, it demonstrates that the two factors are not 
completely identical indexes, and the reasons include following two points: (1) the 𝑅 studied in 
this paper are completely based on the ductility dissipation energy mechanism, while the 𝑅 
defined in seismic codes is based on composite mechanism of structural ductility, system damping, 
redundancy, structural over-strength, and etc.; and (2) the comparison on 𝑅  value between 
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flexure-type and shear-type structure is assumed to be an ideal case with same storey number, 
ductility or vibration periods. In practical engineering, when the number of storey is equal, the 
ductility level and the basic vibration period of the shear wall structure are normally smaller than 
those of the frame structure (see Figure 5 and Figure 7). The difference in ductility level will 
induce great differences in seismic demand. However, the seismic design codes do not define 
different 𝑅 values accounting for the differences in storey number, ductility level and vibration 
period, and just adopt several values to consider all the differences together. Therefore, the seismic 
ductility reduction factor defined in seismic codes for the shear wall structure is generally smaller 
than those for the frame structure. 
5. Conclusions 
Seismic ductility reduction factors for flexure-type and shear-type structures are compared 
based on simplified MDOF systems and nonlinear dynamic time history analysis. The following 
conclusions can be drawn: 
• The seismic response in terms of structural displacement ductility, base shear, and top 
displacement in flexure-type structure are different from those in shear-type systems, due to 
different deformation mechanism and lateral deformation modes. 
• The structural storey ductility level and storey number have significant influence on ductility 
reduction factors of MDOF systems, while the basic vibration period of a structure does not show 
obvious influence on this factor. 
• When parameters of structures, such as storey number, displacement ductility level and the 
basic vibration period, are the same, the ductility reduction factors of flexure-type structure are 
obviously larger than those of shear-type structure. 
• The ratios of ductility reduction factors between the flexure-type and shear-type structures 
vary with the vibration period and the ductility level, but showing no regular change trends. In the 
present study, the ductility reduction factors for flexure-type structure are generally about 40 % 
larger than those for shear-type structures. 
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Appendix 1 
Table 3. Comparison on ductility reduction factors for shear-type and flexural-type structures 
Structural 
Parameter 
Storey Number 5 10 15 20 
Period/s 0.2 0.3 0.4 0.5 0.5 0.6 0.8 1.0 0.8 1.0 1.2 1.5 1.0 1.2 1.5 2.0 
𝑅𝜇 for 
shear-type 
structure 
Ductility 
2 1.587 1.862 1.594 1.661 1.429 1.546 1.720 1.608 1.574 1.581 1.688 1.842 1.493 1.438 1.690 1.809 
3 2.055 2.729 2.147 2.206 1.883 1.985 2.017 2.203 1.886 2.563 2.754 2.055 2.035 2.703 1.803 1.880 
4 2.335 3.092 2.632 2.621 2.049 2.439 2.430 2.870 2.265 2.699 3.232 2.148 2.232 2.946 2.085 1.975 
5 2.622 3.532 3.146 3.058 2.320 2.917 2.844 3.184 2.522 3.057 3.571 2.595 2.786 3.087 2.558 2.424 
6 3.134 3.976 3.603 3.636 2.653 3.573 3.441 3.452 3.326 3.298 3.784 2.797 3.019 3.533 2.664 2.510 
𝑅𝜇 for 
flexure-type 
structure 
Ductility 
2 1.766 2.483 2.384 2.199 1.735 1.948 2.517 2.382 1.961 2.318 2.672 2.315 2.261 2.298 2.292 2.285 
3 2.688 3.339 3.269 3.255 2.386 2.595 3.090 3.158 2.930 3.155 3.353 2.529 2.874 3.250 2.420 2.695 
4 3.110 4.019 4.059 4.148 3.253 3.880 3.681 4.755 3.517 4.167 3.739 2.901 3.150 3.675 2.847 2.973 
5 3.292 4.479 4.626 4.654 3.705 4.096 3.922 5.336 3.649 4.725 4.408 3.275 3.955 4.285 3.258 3.157 
6 4.106 5.812 5.391 5.117 4.147 4.854 4.110 5.822 3.766 5.272 4.997 4.230 4.602 4.897 3.860 3.611 
Comparison 
Ductility 
2 1.113  1.334  1.496  1.324  1.214  1.260  1.463  1.481  1.246  1.466  1.583  1.257  1.514  1.598  1.356  1.263  
3 1.308  1.224  1.523  1.476  1.267  1.307  1.532  1.433  1.554  1.231  1.218  1.231  1.412  1.202  1.342  1.434  
4 1.332  1.300  1.542  1.583  1.588  1.591  1.515  1.657  1.553  1.544  1.157  1.351  1.411  1.247  1.365  1.505  
5 1.256  1.268  1.470  1.522  1.597  1.404  1.379  1.676  1.447  1.546  1.234  1.262  1.420  1.388  1.274  1.302  
6 1.310  1.462  1.496  1.407  1.563  1.359  1.194  1.687  1.132  1.599  1.321  1.512  1.524  1.386  1.449  1.439  
Mean Value 1.264  1.317  1.505  1.462  1.446  1.384  1.417  1.587  1.386  1.477  1.302  1.322  1.456  1.364  1.357  1.389  
Standard 
Deviation 
0.089  0.090  0.028  0.100  0.189  0.128  0.138  0.120  0.189  0.145  0.167  0.115  0.058  0.155  0.063  0.102  
Total Mean 
Value and 
Standard 
Deviation 
1.387 
0.127 
1.458 
0.156 
1.372 
0.160 
1.392 
0.102 
 
